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FAIL-SAFE ACTUATING SYSTEM

PRIORITY CLAIM TO RELATED
APPLICATIONS

This application 1s a U.S. national stage application filed
under 35 U.S.C. § 371 from International Application Serial
No. PCT/IN2012/000616, which was filed Sep. 14, 2012,
and published as WO 2014/009965 on Jan. 16, 2014, and
which claims priority to Indian Application No. 2127/DEL/
2012, filed Jul. 9, 2012, which applications and publication
are incorporated by reference as if reproduced herein and
made a part hereot 1n their entirety, and the benefit of priority
of each of which 1s claimed herein.

TECHNICAL FIELD

The present subject matter relates to actuating systems
and, particularly but not exclusively, to fail-safe actuating
systems.

BACKGROUND

Systems, including Heating, Ventilating and Air-Condi-
tioming (HVAC) systems, are implemented with one or more
controlled devices that are operated for controlling and
regulating the flow or movement of fluids, such as air, gases
or liquids, within the system. The controlled devices include
valves and dampers, which are operated using one or more
actuating devices. Typically, an actuating device, simply
referred as an actuator, includes a prime mover, such as a
motor, which 1s operated to open and/or close one or more
valves or dampers. The degree of opening or closing of the
valves or dampers 1s controlled for the regulation of fluid
flow within the system.

In some systems, 1n case of an emergency, such as fire,
smoke, frosting, leakage, or an undesirable power failure, it
may be required that the one or more controlled devices in
the system are moved to a predefined safe position. The
predefined safe position may be an open position or a closed
position of the controlled device, which may be necessary to
attain for the safety of the system 1n the emergency or power
fallure situations. Such a predefined safe position of the
controlled device 1s typically referred to as a fail-safe
position.

For moving the controlled device to a fail-safe position,
the system 1s implemented with a fail-safe operation. The
tail-sate operation may be achieved through a fail-safe
actuating system. The fail-safe actuating system may either
be 1ntegrated with the actuating device operating the con-
trolled device, or be provided as a separate actuating system.
The fail-safe operation or fail-safe actuating system 1s an
essential aspect 1n systems involving flow or movement of
fluids and, thus, i1t 1s 1mportant to have a simple, cost-
cllective and eflicient fail-safe operation or fail-safe actuat-
ing system in such systems.

SUMMARY

This summary 1s provided to imtroduce concepts related to
a fail-sate actuating system. This summary 1s neither
intended to identify essential features of the claimed subject
matter nor 1s 1t itended for use 1n determining or limiting,
the scope of the claimed subject matter.

In accordance with an embodiment of the present subject
matter, a fail-safe actuating system i1s described. The fail-
safe actuating system includes an actuator with an actuator
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housing and an output element. The output element 1s
couplable to a controlled device to move the controlled
device 1 conjunction with the output element. The fail-safe
actuating system also includes a biasing element and a
locking device. The biasing element i1s coupled to the
actuator housing, such that the biasing element 1s biased by
a movement of the actuator housing in a first predefined
direction. The locking device locks the actuator housing for
holding the biasing element 1n a biased state. The fail-safe
actuating system further includes a controller configured to
operate the actuator 1n a first operating mode and 1n a second
operating mode. In the first operating mode, the output
clement 1s stationary and the actuator housing moves with
respect to the output element and in the first predefined
direction for biasing the biasing element. In the second
operating mode, the actuator housing 1s stationary and the
output element moves with respect to the actuator housing
for moving the controlled device.

BRIEF DESCRIPTION OF DRAWINGS

The detailed description 1s described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number 1dentifies the figure 1n which the refer-
ence number {irst appears. The same numbers are used
throughout the figures to reference like features and com-
ponents. Some embodiments of system and/or methods in
accordance with embodiments of the present subject matter
are now described, by way of example only, and with
reference to the accompanying figures, 1 which:

FIG. 1 illustrates a block diagram of a fail-safe actuating
system, according to an embodiment of the present subject
matter.

FIG. 2 illustrates a fail-sate actuating system, according to
an embodiment of the present subject matter.

FIG. 3(a) illustrates a tully closed position of a controlled
device, according to an embodiment of the present subject
matter.

FIG. 3(b) 1llustrates a fully open position of a controlled
device, according to an embodiment of the present subject
matter.

FIG. 4(a) illustrates an engaging umt of the fail-safe
actuating system, according to an embodiment of the present

subject matter.

FIG. 4(b) illustrates the engaging unit of FIG. 4(a) at a
locked state of the actuator housing.

FIG. 5(a) illustrates a fail-sale actuating system at an
initial position, according to another embodiment of the
present subject matter.

FIG. 5(b) illustrates the fail-safe actuating system of FIG.
5(a) at a locked state of actuator housing.

FIG. 5(c¢) illustrates the fail-safe actuating system of FIG.
5(a) at a tully open state of controlled devices.

FIG. 6(a) illustrates a fail-safe actuating system at an
initial position, according to another embodiment of the
present subject matter.

FIG. 6(b) illustrates the fail-safe actuating system of FIG.
6(a) at a locked state of actuator housing.

FIG. 6(c¢) 1llustrates the fail-safe actuating system of FIG.
6(a) at a fully open state of controlled device.

FIG. 7 illustrates a fail-safe actuating system, according to
another embodiment of the present subject matter.

FIG. 8 illustrates a braking unit of the fail-safe actuating
system, according to an embodiment of the present subject
matter.




US 10,401,051 B2

3

It should be appreciated by those skilled 1n the art that any
block diagrams herein represent conceptual views of illus-

trative systems embodying the principles of the present
subject matter.

DETAILED DESCRIPTION

The present subject matter relates to fail-safe actuating
systems. The fail-safe actuating system of the present sub-
ject matter can be implemented 1n a variety of systems, in
which one or more controlled devices are to be actuated
between open and closed positions and the one or more
controlled devices are to be moved to a predefined fail-safe
position. The controlled devices, for example, include
dampers and valves, which may be used and operated 1n
systems for control and regulation of flow of air, gases and
liquids. With the fail-safe actuating system of the present
subject matter, 1n case of a power failure or any emergency,
the one or more controlled devices can be moved to a
predefined fail-saife position 1n a substantially easy and
cilicient manner.

A conventional fail-safe actuating system includes an
actuator for the actuation of one or more controlled devices.
The controlled device 1s coupled to an output shaft, or an
output element, of the actuator, such that the controlled
device 1s moved 1n conjunction with the movements of the
output shaft. The fail-safe actuating system 1s provided with
an energy storing means, such as a spring, which facilitates
in moving the controlled device to a fail-saife position in case
of a power failure or an emergency. The movement of the
controlled device to a fail-safe position may be understood
as a fail-safe operation of the fail-safe actuating system. In
conventional {fail-safe actuating systems, the spring 1is
coupled to the output shait of the actuator. Conventionally,
the spring 1s biased or wound by the movement of the output
shaft when the actuator operates the output shaft for posi-
tioming the controlled device. Thus, in conventional fail-safe
actuating systems, the actuator has to simultaneously over-
come the resistance offered by both, the controlled device
and the spring. Further, at the time of power failure or any
emergency, the biased spring moves the output shait back,
which moves the controlled device to a fail-safe position.
Conventionally, the actuator includes a motor (a prime
mover) that offers a detent torque due to a residual electro-
magnetism between the rotor and the stator of the motor, in
the absence of power. During the fail-safe operation, in the
absence ol power, this detent torque has to be overcome to
move the output shait coupled to the rotor, for moving the
controlled device to a fail-safe position. Thus, the spring
used 1n the conventional fail-safe actuating system has to be
substantially strong to overcome the resistance offered by
the controlled device and the detent torque of the motor,
during the fail-sate operation. Also, with the usage of such
a strong spring, a substantially powerftul actuator 1s used for
biasing the spring.

Further, the actuator used 1n a conventional fail-safe
actuating system, may include a high speed and low torque
motor. Such a motor, particularly the shaft of the motor,
typically, 1s coupled to a speed reducing unit, such as a gear
train, which makes the output of the motor as a low speed
and high torque output. The gear train, typically, includes a
plurality of gears that are cogged together. The gear train
tacilitates 1n low speed operation of the output shaft of the
actuator for the purpose of controlled actuation of controlled
devices. In a conventional fail-safe actuating system, the
spring, for the fail-safe operation, may also have to move the
gear train in the reverse direction along with the reverse
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movement of the output shaft. Thus, conventionally, the
spring used has to be substantially strong considering the
torque oflered by the gear train along with the detent torque
offered by the motor and the resistance offered by the
controlled device.

The strong springs and powerful actuators are costly.
Thus, the usage of substantially strong springs and substan-
tially powerful actuators in the conventional fail-safe actu-
ating systems, as described above, make the conventional
fail-safe actuating systems expensive. Furthermore, strong
springs and powerful actuators are substantially large in size
which makes the conventional fail-safe actuating systems
bulky.

Further, in conventional fail-safe actuating systems, since
the spring 1s coupled to the output shaift, the actuator has to
work against the spring for the actuation of controlled
device. Thus, an excessive energy or power 1s utilized for the
actuation and an excessive wear and tear 1s resulted 1n the
conventional fail-safe actuating systems, which make the
conventional fail-safe actuating systems ineflicient.

Furthermore, 1t may be required that the controlled device
1s moved to a fail-safe position 1 quick time. Since a quick
reversal in the movement of the output shaft along with the
gear train can damage the gear train and the actuator, 1n
some conventional fail-safe actuating systems, a brake
assembly 1s coupled to the output shait and/or the controlled
device for controlling the speed of movement of the output
shaft, the gear train and the controlled device. However, the
conventional fail-safe actuating systems use complicated
brake assemblies, which increases the cost of the conven-
tional fail-safe actuating system and makes the arrangement
of the conventional fail-safe actuating systems complex.
Also, conventionally, as the braking assembly 1s coupled
either to the output element or to the controlled device, the
braking assembly may also be 1 operation and ofler resis-
tance during the positioning of the controlled device. With
this, the actuator may also have to work against the braking
assembly, which may cause excessive power consumption
and excessive wear and tear in the conventional fail-safe
actuating systems.

Further, 1n some conventional fail-safe actuating systems,
a clutch assembly 1s used for disengaging or de-coupling the
output shait of the actuator from the controlled device
during the fail-sate operation to avoid the detent torque of
the actuator, which otherwise has to be overcome by the
spring. Further, a clutch assembly i1s also used 1 some
conventional fail-safe actuating systems for disengaging the
gear train from the output shait of the actuator to avoid the
torque due to the gear train during the fail-safe operation,
which otherwise has to be overcome by the spring. However,
the usage of such clutch assemblies increases the cost of the
tail-safe actuating system and makes the arrangement of the
fail-sate actuating system complex.

Thus, the conventional {fail-safe actuating systems,
including the ones described above, require a substantially
strong spring and a substantially powerful actuator for
overcoming substantially higher resistances and detent
torque offered 1n the system; have a complex arrangement;
have high power consumption; have high wear and tear;
and/or are bulky and expensive.

The present subject matter describes fail-safe actuating
systems which are simple 1n configuration, eflicient 1in
operation, less bulky and less expensive, in comparison to
the conventional fail-safe actuating systems. These and
other aspects of the fail-safe actuating systems of the present
subject matter are apparent from features of the fail-safe
actuating system as described in the description of FIG. 1.
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The fail-safe actuating system of the present subject
matter can be implemented 1n a variety of systems, including
Heating, Ventilating and Air-Conditioning (HVAC) systems,
positioning systems and signaling systems, in which one or
more controlled devices are to be positioned between open
and closed positions, and are to be moved to a fail-safe
position 1s case of a failure of power supply (or energy
supply) or an emergency. The predefined fail-safe position
may be, depending on the requirement, such as a fully closed
position or a fully open position of the controlled device. For
the purposes of the present subject matter, an emergency
may be understood as an undesirable or unwanted situation,
such as fire, smoke, leakage, frosting, and an accident, 1n
which the controlled device 1s to be moved to a fail-safe
position. In such an emergency situation, the power supply
(or the energy supply) to the fail-safe actuating system 1s
cut-ofl.

FIG. 1 1llustrates a block diagram of a fail-safe actuating
system 100, according to an embodiment of the present
subject matter. The fail-safe actuating system 100 includes
an actuator 102 that 1s capable of actuating or operating a
controlled device 104. The controlled device 104 may
include, but not restricted to, a valve, a damper, a signaling
arm, a robotic arm, or an assembly of such devices, depend-
ing on the system 1n which the fail-sate actuating system 100
1s implemented. In an implementation, the actuator 102 may
be an electrical actuator, a pneumatic actuator, or a hydraulic
actuator. The actuator 102 has an actuator housing 106 and
an output element 108. The actuator housing 106 may be a
cover or a body of the actuator 102. The output element 108
may be understood as a driving element through which the
controlled device 104 is actuated or operated. The output
clement 108 1s couplable to the controlled device 104.

In an implementation, the output element 108 may either
be directly coupled, or coupled through a coupler umt 110,
to the controlled device 104 such that the controlled device
104 1s moved 1n conjunction with the output element 108.
The coupler unit 110 depends on the type of output element
108 of the actuator 102 and the type of controlled device 104
to be operated. The coupler unit 110 may include a clamp,
one or more of gears, or a combination thereof.

The actuator 102 includes a prime mover 112 that con-
verts one form of energy to another to provide, a motive
force. An output 114 of the prime mover 112 1s coupled to
the output element 108, such that the motive force of the
prime mover 112 drives the output element 108. The prime
mover 112 has a housing 116 that 1s fixedly coupled to the
actuator housing 106. For example, 1n case of an electrical
actuator 102, the prime mover 112 may be an electrical
motor, with the output 114 being a motor shaft and the
housing 116 being a motor housing.

Further, 1n an implementation, in the actuator 102, the
output 114 of the prime mover 112 may be coupled to the
output element 108 through a speed reducing unit 118. The
speed reducing unit 118 may be a gear train or a gear
arrangement that 1s used for reducing the speed and increas-
ing the torque at the output element 108 of the actuator 102.

The fail-safe actuating system 100 also includes a biasing,
clement 120 coupled to the actuator housing 106. The
biasing element 120 may be an energy storing means, which
when biased deforms mechanically to store energy therein,
and when unbiased regains 1t’s original shape and release the
stored energy. The biasing element 120 may be of a pre-
defined strength suflicient to move back the actuator 102
during a fail-safe operation 1n the fail-safe actuating system
100. In an implementation, the biasing element 120 may be
a spring, for example, a coil spring, a torsion spring, an
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expansion spring, a compression spring or a gas spring. In
another implementation, the biasing element 120 may be an
clastic element. The biasing element 120 1s coupled to the
actuator housing 106 such that the biasing element 120 1s
biased by the movement of the actuator housing 106 1n a first
predefined direction. The actuator housing 106 1s moved in
a second predefined direction, opposite to the first pre-
defined direction, upon un-biasing of the biasing element
120. The directions of movement of the actuator housing
106 may be a rotation direction or an axial (linear) direction.

Further, the fail-safe actuating system 100 includes a
controller 122 through which the actuator 102, particularly
the prime mover 112, 1s coupled to a power supply 124. The
power supply 124 may be understood as a source that
provides power (or energy) to the actuator 102, particularly
the prime mover 112, for 1ts operation. In an 1implementa-
tion, the controller 122 1s configured to operate the actuator
102 1n two operating modes, namely a first operating mode
and a second operating mode. In the first operating mode, the
output element 108 1s stationary, and the actuator housing
106 1s moved 1n the first predefined direction, with respect
to the output element 108, for biasing the biasing element
120. In the second operating mode, the actuator housing 106
1s stationary, and the output element 108 1s moved with
respect to the actuator housing 106 for moving or position-
ing the controlled device 104. In an implementation, the
controller 122 1s also configured to cut-oif the supply of
power (or energy) from the power supply 124 to the actuator
102 1n case of an emergency. The operations of the controller
122 and the actuator 102 are described 1n detail later 1n the
description. Although, 1n FIG. 1, the controller 122 1s shown
to reside outside the actuator 102 and coupled to the actuator
102 for 1ts operation; in an implementation, the controller
122 can be a part of the actuator 102 and can reside side
the actuator housing 106.

The fail-safe actuating system 100 also includes a locking,
device 126 that couples with the actuator housing 106 to
lock the actuator housing 106 for holding the biasing ele-
ment 120 1n a biased state. The biased state of the biasing
clement 120 1s defined as a state 1n which the biasing
clement 1s mechanically deformed in shape and stores
energy therein. The locking device 126 may be a mechanical
locking device, an electromagnetic locking device, a hydrau-
lic locking device or a pneumatic locking device.

In an implementation, the locking device 126 1s powered
by the power supply 124. In said implementation, the
locking device 126 attains an ON-state in an active state of
the power supply 124 and attains an OFF-state 1n a cut-oil
state of the power supply 124. The active state of the power
supply 124 1s a state 1n which power (or energy) 1s being
provided from the power supply 124 to the fail-safe actu-
ating system 100. The cut-off state of the power supply 124
1s a state 1n which power (or energy) 1s not being provided
from the power supply 124 to the fail-safe actuating system
100. In the ON state, the locking device 126 1s configured to
lock the actuator housing 106 at a predefined position. In the
OFF-state, the locking device 126 1s configured to unlock
the actuator housing 106 from 1ts predefined position. The
locking and the unlocking of the actuator housing 106 by the
locking device 126 are described later 1in the description.

In an implementation, as shown in FIG. 1, the locking
device 126 may be coupled to the power supply 124 through
the controller 122. In the active state of the power supply
124, the controller 122 sets the locking device 126 1n the
ON-state for locking the actuator housing 106 1n the pre-
defined position. In the cut-off state of the power supply 124,
which could be either due to a failure of power supply 124
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or due to a cut-oil of power supply 124 by the controller 122
in an emergency, the controller 122 sets the locking device
126 1n the OFF-state for unlocking the actuator housing 106
from the predefined position.

The description below describes the operation of the
tail-safe actuating system 100 and 1ts components. With the
power supply 124 1n the active state, at {irst, the actuator 102
1s operated 1n the first operating mode by the controller 122.
As mentioned earlier, 1n the first operating mode, the output
clement 108 1s stationary, and the actuator housing 106 is
moved 1n the first predefined direction, with respect to the
output element 108. This movement of the actuator housing
106 biases the biasing element 120.

In an implementation, the actuator housing 106 may be
moved 1n the first predefined direction from a first pre-
defined position to a second predefined position in the first
operating mode. The first predefined position of the actuator
housing 106 may be defined as a position at which the
biasing element 120 1s substantially unbiased, and the sec-
ond predefined position of the actuator housing 106 may be
defined as a position at which the biasing element 120 is
substantially biased.

After biasing the biasing element 120, the actuator hous-
ing 106 1s locked at the second predefined position, by the
locking device 126. In this state of the actuator housing 106,
which may also be referred as a locked state, the biasing
clement 120 1s held 1n the biased state.

Upon biasing the biasing element 120 and locking the
actuator housing 106, the operation of the actuator 102 is
switched by the controller 122 to the second operating mode.
In an implementation, the fail-safe actuating system 100
includes a limit switch 128, which 1s coupled to the con-
troller 122 to indicate the controller 122 for switching the
operation of the actuator 102 from the first operating mode
to the second operating mode. In an 1mplementation, the
limit switch 128 may configured to mechanically, electri-
cally, magnetically, optically or inductively couple with the
actuator housing 106 at the second predefined position, at
which the actuator housing 106 1s locked. Upon 1ts coupling,
with the actuator housing 106, the limit switch 128 indicates
the controller 122 for switching the operation of the actuator
102.

As mentioned earlier, in the second operating mode, the
actuator housing 106 1s stationary, and the output element
108 1s moved with respect to the actuator housing 106. The
movement of the output element 108 moves the controlled
device 104 coupled to the output element 108. In an 1mple-
mentation, the actuator 102 may be operated to move the
output element 108 1n either direction for regulating the
degree of opeming and closing of the controlled device 104.

The description below describes the fail-safe operation of
the fail-safe actuating system 100 and its components. In
case of a failure of power supply 124 or any emergency 1n
which the supply from the power supply 124 to the fail-safe
actuating system 100 1s cut-ofl by the controller 122, the
locking device 126 i1s switched from its ON-state to 1its
OFF-state. As mentioned earlier, 1n the OFF-state, the lock-
ing device 126 1s released to unlock the actuator housing 106
from the locked state. The unlocking of the actuator housing
106 allows the biasing element 120 to unbias or release,
which forces the actuator housing 106 to move 1n the second
predefined direction, opposite to the first predefined direc-
tion of movement in the first operating mode. Now, the
tail-safe actuating system 100 1s configured such that, during
the movement of the actuator housing 106 1n the second
predefined direction, the output element 108 and the coupler
unit 110 are moved together with the actuator housing 106.
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With this movement of the output element 108 and the
coupler unit 110, the controlled device 104 1s moved to a
fail-safe position. As mentioned earlier, the fail-safe position
may be a fully closed position or a fully open position of the
controlled device 104, depending on the requirement. The
fail-safe actuating system 100 can be configured to move the
controlled device 104 to any one of the fail-safe positions 1n
case ol a power failure or any emergency.

In an implementation, the fail-safe actuating system 100
includes an engaging unit 130 which engages the actuator
housing 106 with the output element 108 during the move-
ment of the actuator housing 106 1n the second predefined
direction. This engagement facilitates 1n moving the output
clement 108 together with the actuator housing 106, which
in-turn enables the movement of the controlled device 104
to the fail-sate position.

In an implementation, the actuator 102, and particularly
the prime mover 112, may have a detent torque in the
absence of power to the actuator 102. This detent torque 1n
the prime mover 112 may not allow the output 114 of the
prime mover 112 to move relative to the housing 116 of the
prime mover 112, which may in-turn allow the output
clement 108 to move together with the actuator housing 106,
during the fail-sate operation, for moving the controlled
device 104 to the fail-safe position.

Further, 1n an implementation, the speed reducing unit 118
may be a non-reversible type speed reducing unit, in which
the power or motion 1s transierred from a driver element
(1.e., the prime mover 112) to a driven element (1.e. the
output element 108) and not the other way round. This type
of speed reducing unit 118 may force the output element 108
to move together with the actuator housing 106 during
tail-sate operation, for moving the controlled device 104 to
the fail-safe position. In an implementation, the non-revers-
ible type of the speed reducing unit 118 may include a
worm-screw arrangement, a nut-screw arrangement, or any
other type of conventional non-reversible arrangement.

In an implementation, the fail-safe actuating system 100
may include a braking unit 131 that controls the speed of
movement of the actuator housing 106 and the output
clement 108, and hence the speed of movement of the
controlled device 104, during the fail-safe operation. It may
be required to move the controlled device 104 to the fail-safe
position 1s a quick time. During the fail-safe operation, the
actuator housing 106, and hence the output element 108, the
coupler unit 110 and the controlled device 104, may pick up
speed and may come to a stop with a substantially high force
or impact. The braking unit 131 facilitates 1n preventing any
damage to the actuator 102 and/or the controlled device 104,
which may otherwise be caused due to their stopping with a
high force or impact.

In an implementation, the braking unit 131 is coupled to
the actuator 102, and particularly coupled to the actuator
housing 106. Further, 1n an implementation, the braking unit
131 may be an air-based braking unit that 1s configured such
that, during the fail-safe operation, the braking umt 131
offers a substantially low (minimum) resistance at the start
of the fail-safe operation, offers an increasing resistance
until the end of the fail-safe operation, and offers no resis-
tance at the end of the fail-safe operation. The construct and
the functioning of the braking umt 131 are described later,
with reference to FIG. 8.

The fail-safe actuating system 100 of the present subject
matter 1s simple in configuration, 1s eflicient in operation,
and 1s less expensive, in comparison to the conventional
fail-safe actuating systems. In the fail-safe actuating system
100, the actuator 102 1s operated 1n two independent oper-
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ating modes, where 1n the first operating mode, the actuator
102 biases only the biasing element 120 without moving the
output element 108 or the controlled device 104, and in the
second operating mode, the actuator 102 actuates only the
controlled device 104. The biasing of the biasing eclement
120 and the actuation of the controlled device 104 are made
independent of each other 1n an easy and eflicient manner,
for example, without using a clutch assembly. This makes
the fail-safe actuating system 100 substantially less complex
and also substantially less expensive 1n comparison to the
conventional fail-safe actuating systems.

Further, in the fail-safe actuating system 100, during the
second operating mode, 1.¢., when the controlled device 104
1s being moved between the open or closed positions, the
actuator 102 has to overcome only the resistance oflered by
the controlled device 104 and need not work against the
biasing element 120. With this, the actuator 102 used 1n the
fail-safe actuating system 100 need not be as powertful as
required 1n the conventional fail-safe actuating systems.
Also, the wear and tear, and the energy spent 1n the fail-safe
actuating system 100 1s substantially less 1n comparison to
the conventional fail-safe actuating systems.

Further, 1n the fail-safe actuating system 100, the biasing
clement 120, during the fail-safe operation, moves the entire
actuator 102, 1.e., the actuator housing 106 and the output
clement 108, together, which in-turn moves the controlled
device 104 to the fail-safe position. Since the output element
108 1s not moved independent of the actuator housing 106,
the detent torque, if any, 1n the actuator 102, does not aflect
the fail-sate operation. The detent torque, if any, of the
actuator 102 1s used to the fail-safe actuating system’s
advantage 1n the present subject matter. Also, since, the
output element 108 and/or the speed reducing unit 118, 1.¢.,
the gear train, are not moved and reversed with respect to the
actuator housing 106 during the fail-sale operation, the
biasing element 120 does not have to overcome the detent
torque of the actuator 102 and/or the additional torque due
to the speed reducing unit 118. The biasing element 120 has
to overcome only the resistance oflered by the controlled
device 104 during the fail-safe operation. This eliminates the
usage ol a substantially strong biasing element, 1.¢., a strong,
spring, which 1s otherwise used 1n the conventional fail-safe
actuating systems. This facilitates in reducing the size and
the cost of the biasing element 120 to be used 1n the fail-safe
actuating system 100. Furthermore, as there 1s no reverse
movement of the output element 108 and/or the speed
reducing unit 118, 1.e., the gear train, with respect to the
actuator housing 106 during the fail-safe operation, damages
to the actuator 102 and to the speed reducing unit 118 are
prevented.

Furthermore, in conventional fail-safe actuating systems,
where the prime mover, 1.e., the motor, and the gear train
play an active role in moving the controlled device to a
tail-safe position, the motor and the gear train have to be
made of fire resistant material that can withstand high
temperatures, due to fire, for the time required to move the
controlled device to the fail-sate position. Whereas, 1n the
tail-safe actuating system 100, the prime mover 112, such as
a motor, and the speed reducing unit 118, such as a gear
train, do not contribute and play no active role in the fail-safe
operation, as the engaging unit 130 may be provided to
move the output element 108 together with the actuator
housing 106 during the fail-safe operation. As a result, the
prime mover 112 and the speed reducing unit 118 can be
made of low cost materials, such as plastics. In the fail-safe
actuating system 100, the actuator housing 106, output
clement 108, engaging unit 130 and coupler unit 110, 1.e.,
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the parts that play an active role during fail-safe operation,
may have to be made of a fire resistant material. This
facilitates 1 reducing the cost of the fail-safe actuating
system 100 in comparison to the conventional fail-safe
actuating systems.

The description hereinafter describes some embodiments
of the fail-safe actuating system of the present subject
matter. It should be noted that the description and figures
merely illustrate the principles of the present subject matter.
The mvention 1s, by no means, restricted to the illustrated
embodiments.

FIG. 2 illustrates a fail-safe actuating system 200, accord-
ing to an embodiment of the present subject matter. The
fail-safe actuating system 200 1s configured to actuate a
controlled device 204 (damper-type) and move the con-
trolled device 204 to a fail-safe position in case of a failure
of the power or an emergency. The fail-safe actuating system
200 1ncludes an actuator 202 with an actuator housing 206
and an output element 208. The output element 208, as
shown, 1s a rotatable output shait projecting out from the
actuator housing 206.

As shown, the output element 208 1s directly coupled to
the controlled device 204, such that the controlled device
204 moves 1n conjunction with the output element 208.
Although FIG. 2 shows a damper as the controlled device
204, which may be used for controlling and regulating the
flow of air or a gas; 1in another implementation, the con-
trolled device 204 may be a valve for controlling or regu-
lating the flow of liquds across the valve, or may be any
movable member which 1s to be moved between predefined
positions. For the sake of simplicity, only one controlled
device 204 1s shown 1n FIG. 2; however, more than one such
controlled device may be coupled to move in conjunction
with the output element 208.

In an implementation, as shown 1n FIG. 2, the actuator
202 1s an electrical actuator having a motor as a prime mover
(not shown). The motor has a rotor and a stator, where the
rotor 1s fixedly coupled to the output of the motor and the
stator 1s fixedly coupled to the housing of the motor. The
housing of the motor 1s fixedly coupled to the actuator
housing 206. The output of the motor 1s coupled to the
output element 208, such that both move 1n conjunction with
cach other. In an implementation, the output of the motor
may be coupled to the output element 208 through a speed
reducing umt (not shown), for example a gear train, to
reduce the speed and increase the torque at the output
element 208, as mentioned earlier.

The fail-safe actuating system 200 also includes a biasing
clement 220. The biasing element 220 may be a coil spring
or a torsion spring surrounding the actuator 202. For the
purposes of description hereinatter, the biasing element 220
may be referred to as a spring 220. The spring 220, at one
end, 1s coupled to the actuator housing 206 and, at the other
end, 1s coupled to a rigid support 232. The spring 220 1s
coupled between the actuator housing 206 and the rigid
support 232 such that the spring 220 1s biased upon the
movement of the actuator housing 206 1n a first predefined
direction. The biasing of the spring 220 upon the movement
of the actuator housing 206 1s described later in the descrip-
tion.

Further, the fail-safe actuating system 200 includes a
controller (not shown), a locking device 226 and a limait
switch 228. The actuator 202, for 1ts operation, 1s coupled to
a power supply (not shown) through the controller. The
controller 1s configured to operate the actuator 202 1n the
first operating mode and 1n the second operating mode. In
the first operating mode, the output element 208 1s station-
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ary, and the actuator housing 206 1s moved with respect to
the output element 208 for biasing the spring 220. In the
second operating mode, the actuator housing 206 is station-
ary, and the output element 208 1s moved with respect to the
actuator housing 206 for moving the controlled device 204.
Further, the locking device 226 1s coupled to the power
supply, may be through the controller, for setting the locking
device 226 1n the ON-state or the OFF-state, and the limit
switch 228 i1s coupled to the controller to indicate the
controller for switching the mode of operation of the actua-
tor 202, as mentioned earlier. The alorementioned couplings
in the fail-safe actuating system 200 are similar to the ones
shown 1n FIG. 1 and, thus, are not shown 1n FIG. 2 for the
sake of simplicity.

FIG. 2 shows the locking device 226 as an electromag-
netic locking device, according to an implementation, for
locking the actuator housing 206. In said implementation,
the locking device 226 includes a solenoid 234 and a plunger
236 with a plunger spring 238 as shown. In the active state
of the power supply, the locking device 226 i1s 1 an
ON-state, as mentioned earlier. In the ON-state, the solenoid
234 and the plunger 236 interact electromagnetically such
that an electromagnetic force between the solenoid 234 and
the plunger 236 pushes the plunger 236 out from the locking
device 226. The pushing out of the plunger 236 causes the
plunger spring 238 to compress against a housing of the
solenoid 234. In the cut-ofl state of the power supply, the
locking device 226 1s switched to an OFF-state, as men-
tioned earlier. In the OFF-state, the electromagnetic force of
interaction between the solenoid 234 and the plunger 236 1s
removed. With the removal of the electromagnetic force, the
plunger 236 1s no more pushed out. At this, the plunger
spring 238 gets released from the compressed state to move
the plunger 236 back inside the locking device 226. The
locking and the unlocking of the actuator housing 206 by the
locking device 226 are described in detail later in the
description.

Further, the fail-safe actuating system 200 includes an
engaging unit 230 that 1s configured to engage the actuator
housing 206 with the output element 208, such that the
output element 208 moves together with the actuator hous-
ing 206 during the fail-sate operation. The construct and the
functioning of the engaging unit 230 are described later, with
reference to FIGS. 4(a) and 4(b).

The controlled device 204 1s movable between predefined
positions. The predefined positions of the controlled device
204 1nclude a fully open position and a tully closed position.
With reference to FIG. 2, the controlled device 204 1s
movable about an axis 242 of the output element 208 and 1s
movable by 90° between the fully open and fully closed
positions. FIGS. 3(a) and 3(b) illustrate the fully closed
position and the fully open position, respectively, of the
controlled device 204, according to an embodiment of the
present subject matter. The fully closed position of the
controlled device 204 may be a vertical position, and the
tully open position of the controlled device 204 may be a
horizontal position. The controlled device 204 1s movable by
90° between the fully closed position and the fully open
position, as indicated by arrows 344 and 346. The movement
of the controlled device 204 is restricted beyond the 90°
sector by blocks 348 and 350, as shown.

For the sake of ease of description of operation of the
fail-safe actuating system 200, the arrows 344 and 346
depicting the directions of movement are shown in FIG. 2.
In FIG. 2, the controlled device 204 i1s shown in the fully
closed position. From the fully closed position, the con-
trolled device 204 i1s movable by 90° 1n the direction
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indicated by the arrow 344, to attain the fully open position.
From the fully open position, the controlled device 204 is
movable by 90°, 1n the direction indicated by the arrow 346,
to attain the fully closed position. Also, from the fully closed
position the controlled device 204 1s not further movable 1n

the direction of arrow 346 and 1s blocked by the block 348

(not shown 1n FIG. 2), and from the fully open position the
controlled device 204 1s not further movable 1n the direction
of arrow 344 and 1s blocked by the block 350 (not shown 1n
FIG. 2).

The description below describes the operation of the
fail-safe actuating system 200 and the components of the
tail-safe actuating system 200 for biasing the spring 220 and
for operating the controlled device 204. In one 1nstance, let
us say, the controlled device 204 1s 1n the fully closed
position and the spring 220 1s 1n a substantially unbiased
state. In the substantially unbiased state, the spring 220 1s 1n
a released state and does not have any stored energy. From
this state, as the power supply 1s switched on, the controller
first operates the actuator 202 1n the first operating mode, 1n
which the output element 208 1s stationary and the actuator
housing 206 1s moved with respect to the output element 208
to bias the spring 220. For this, the controller provides
current 1 a first direction, from the power supply to the
actuator 202, such that the electromagnetic interaction
between the stator and the rotor of the motor (prime mover)
forces the output element 208 to move in the direction of
arrow 346. Since the controlled device 204 1s blocked and 1s
not further movable 1n the direction of arrow 346 from the
tully closed position, the output element 208 1s not moved.
In return, due to the electromagnetic interaction in the prime
mover, the stator and the housing of the motor, and hence the
actuator housing 206, 1s moved 1n the direction of arrow 344.
This movement of the actuator housing 206 in the direction
of arrow 344 biases the spring 220. The actuator 202 may be
operated 1n the first operating mode to move the actuator
housing 206 to substantially bias the spring 220 before the
actuator housing 206 1s locked by the locking device unit
226.

As mentioned earlier, 1n the first operating mode, the

actuator housing 206 1s rotated to move from a first pre-
defined position to a second predefined position. The first
predefined position of the actuator housing 206 may be
defined as a position at which the spring 220 1s substantially
unbiased, and the second predefined position of the actuator
housing 206 may be defined as a position at which the spring
220 1s substantially biased. The actuator housing 206 1is
locked at the second predefined position by the locking
device 226 for holding the spring 220 in the biased state.
In an implementation, as shown in FIG. 2, an extension
clement 252, such as an arm or a plate, 1s coupled to the
actuator housing 206 such that the extension element 252 1s
moved 1n conjunction with the actuator housing 206. With
reference to FIG. 2, at the first predefined position of the
actuator housing 206 the extension clement 252 1s 1n a
substantially horizontal position, and at the second pre-
defined position of the actuator housing 206 the extension
clement 252 1s 1 a substantially vertical position. In an
implementation, the extension element 252 may be provided
with a slot 254, such that the plunger 236 of the locking
device 226 gets fit 1n the slot 254 to lock the actuator housing
206 at the second predefined position. It may be understood
that, as the power supply 1s 1n the active state, the locking
device 226 1s 1n the ON-state and, due to the electromagnetic
interaction between the solenoid 234 and the plunger 236, as
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described earlier, the plunger 236 i1s pushed out of the
locking device 226 to fit in the slot 254 and the plunger
spring 238 1s compressed.

Further, as the actuator housing 206 biases the spring 220
and reaches the second predefined position, the limit switch
228 indicates the controller to switch the operation of the
actuator 202 from the first operating mode to the second
operating mode.

In an implementation, as shown in FIG. 2, the extension
clement 252 1s configured to couple with the limit switch
228 at the second predefined position of the actuator housing
206. Upon the coupling of the extension element 252 with
the limit switch 228, the limit switch 228 indicates the
controller for the switching of the operation mode of the
actuator 202.

After biasing the spring 220 and locking the actuator
housing 206 at the second predefined position for holding
the spring 220 1n the biased state, the controller operates the
actuator 202 in the second operating mode, 1n which the
actuator housing 206 is locked and, hence, 1s stationary, and
the output element 208 1s moved for moving and positioning,
the controlled device 204. For opening the controlled device
204 from the fully closed position, the controller may first
provide current 1n a second direction, from the power supply
to the motor (prime mover), such that the electromagnetic
interaction between the stator and the rotor of the motor
causes the output element 208 to move 1n the direction of
arrow 344. This movement of the output element 208 causes
the controlled device 204 to open. The second direction of
current 1s opposite to the first direction of current in which
the output element 208 1s moved the direction 1indicated by
arrow 346. After opening the controlled device 204, the
controller may provide current 1n the first direction to move
the output element 208 in the direction of arrow 346 to close
the controlled device 204.

In an implementation, in the second operating mode, the
controller can be configured to regulate the current between
the second direction and the first direction, from the power
supply to the actuator 202, to move the output element 208
to vary the degree of opening or closing of the controlled
device 204 1 a range 0° to 90° as per the requirement.

FIGS. 4(a) and 4(b) illustrate the engaging unit 230,
according to an embodiment of the present subject matter.
The engaging unit 230 includes a semi-circular block 456
fixedly coupled to the output element 208 and includes a
quarter block 458 fixedly coupled to the actuator housing
206 (not shown 1n FIG. 4(a)). FIG. 4(a) shows the engaging
unit 230 1n a state when the controlled device 204 1s 1n fully
closed position and the actuator housing 206 1s at the {first
predefined position at which the spring 220 1s substantially
unbiased. FIG. 4(b) shows the engaging unit 230 1n a state
when the actuator housing 206 1s at the second predefined
position and the controlled device 204 1s still fully closed.
During the first operating mode of the actuator 202, the
quarter block 458 moves by 90° together with the actuator
housing 206 in the direction of arrow 344. During the second
operating mode of the actuator 202, the semi-circular block
456 moves within 90° together with the output element 208
in the directions of arrows 344 and 346. For the sake of ease
of understanding, arrows 344 and 346 1n FIGS. 4(a) and 4(b)
depict the directions of movement as depicted 1in FIGS. 2,
3(a), and 3(b). Further, the movement of the semi-circular
block 456 and the quarter block 4358 during the fail-safe
operation 1s described later in the description.

The description below describes the fail-safe operation of
the fail-safe actuating system 200 for moving the controlled
device 204 to a fail-safe position in case of a power failure
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or an emergency. With reference to FIG. 2, the fail-safe
position of the controlled device 204 1s the tully closed
position. However, 1n another implementation, the fail-safe
position of the controlled device 204 may be the fully open
position. For the description of the fail-safe operation, let us
assume the controlled device 204 1s in the fully open
position, and 1s to be moved to the fully closed position
(fail-safe position).

In case of a cut-ofl of the power supply due to a power
failure or any emergency, the power to the actuator 202 is
stopped and the locking device 226 1s set 1n the OFF-state.
As described earlier, 1n the OFF-state, the electromagnetic
interaction between the solenoid 234 and the plunger 236 1s
removed, which causes the plunger 236 to move out from
the slot 254 of the extension element 252. This moving out
of the plunger 236 from the slot 254 unlocks the extension
clement 252 and hence unlocks the actuator housing 206.

Further, the unlocking of the actuator housing 206 allows
the spring 220 to unbias or release. The unbiasing or
releasing of the spring 220 forces the actuator housing 206
to move back 1n the direction of arrow 346, from the second
predefined position to the first predefined position. This
movement of the actuator housing 206 allows the quarter
block 4358, fixedly coupled with the actuator housing 206, to
engage with the semi-circular block 456 to move the semi-
circular block 456 and hence the output eclement 208
together 1n the direction of arrow 346. This movement of the
output element 208 causes the controlled device 204 to
move to the fully closed position (fail-sate position).

Further, during the fail-safe operation, in the actuator 202,
the housing and the stator of the motor (prime mover),
coupled to the actuator housing 206, move together with the
actuator housing 206. In an implementation, where the
actuator 202, particularly the motor (prime mover), has a
detent torque, the rotor of the motor does not rotate with
respect to the stator 1n the absence of power. This causes the
output of the motor, and hence the output element 208, to
move back together with the actuator housing 206 1n the
direction of arrow 346. This movement of the output ele-
ment 208 causes the controlled device 204 to move to the
tully closed position (fail-sate position).

Further, in an implementation where the actuator 202 has
a speed reducing unit (not shown), the speed reducing unit
may be a non-reversible type speed reducing unit which may
include a worm-screw arrangement, a nut-screw arrange-
ment, or any other type of conventional non-reversible
arrangement: As described earlier, this type of speed reduc-
ing unit may force the output element 208 to move together
with the actuator housing 206 during fail-sate operation, for
moving the controlled device 204 to the fail-safe position.

The arrangement and operation of fail-safe actuating
system 200, as described above, 1s simple 1n comparison to
the conventional fail-safe actuating systems. The simple
arrangement makes the fail-safe actuating system 200 less
costly 1n comparison to the conventional fail-safe actuating
systems. Further, the biasing of the biasing element, move-
ment of the controlled device, and the fail-saie operation of
the fail-safe actuating system 200 are substantially easy and
ellicient.

FIG. 5(a) illustrates a fail-safe actuating system 300,
according to another embodiment of the present subject
matter. The fail-safe actuating system 500 1s configured to
actuate a damper-type controlled device 504, as shown. FIG.
5(a) shows the fail-safe actuating system 300 1n an initial
position, in which the controlled device 504 1s 1n fully closed
position and the biasing element 520 i1s 1n substantially
unbiased state. The fail-sate actuating system 300 includes
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an actuator 502 with an actuator housing 506 and an output
clement 508. The output element 508 may be a rotatable
clamp.

In an implementation, the actuator 502 1s an electrical
actuator having a motor as the prime mover (not shown).
The motor has a rotor and a stator, where the rotor 1s fixedly
coupled to the output of the motor and the stator 1s fixedly
coupled to the housing of the motor. The housing of the
motor 1s fixedly coupled to the actuator housing 506. The
output of the motor 1s coupled to a gear train 318 having a
plurality of gears as shown, which functions as a speed
reducing unit. The output of the gear train 518 1s coupled to
the output element 508 through a pinion gear 560 and a
sector gear 362. The pinion gear 560 1s meshed with the
sector gear 562, as shown, such that both are movable with
respect to, each other. In an implementation, the sector gear
562 may be a 90° sector gear. Further, the sector gear 562 1s
fixedly coupled to the output element 508.

The controlled device 504 includes more than one damper
564 that are rotated through a main damper shaft 566. The
main damper shaft 566 of the controlled device 3504 1s
coupled to the output element 508, such that the main
damper shaft 566 and the dampers 564 of the controlled
device 504 move in conjunction with the output element
508. The output element 508 clamps the main damper shaft
566.

The biasing element 520 1n the fail-safe actuating system
500 may be an expansion spring. For the purposes of
description heremnaiter, the biasing element 520 may be
referred to as a spring 520. The spring 520, at one end, 1s
coupled to the actuator housing 506 and, at the other end, 1s
coupled to a nigid support 532.

The fail-safe actuating system. 500 also includes a con-
troller 522, through which the actuator 502 1s coupled to a
power supply (not shown 1n FIG. 5(a)). As shown 1n FIG.
5(a), the controller 522 1s inside the actuator housing 506. As
mentioned earlier, the controller 522 1s configured to operate
the actuator 502 1n a first operating mode, in which the
output element 508 1s stationary and the actuator housing
506 1s moved with respect to the output element 508 for
biasing the spring 520; and 1n the second operating mode, in
which the actuator housing 506 1s stationary and the output
clement 508 1s moved for operating the controlled device
520 for positioming the dampers 564.

The fail-safe actuating system 500 also includes a locking
device 526 and a limit switch 528. The locking device 526
and the limit switch 528, 1n FI1G. 5(a), are similar to the ones
shown 1 FIG. 2. The locking device 526 is an electromag-
netic locking device having a solenoid 534 and a plunger
536 with a plunger spring 538. The locking device 526 is
coupled to the power supply, may be through the controller
522, for setting the locking device 526 1n the ON-state or the
OFF-state, as mentioned earlier. Further, the limit switch
528 1s coupled to the controller 522 to indicate the controller
522 for switching the mode of operation of the actuator 502,
as mentioned earlier. The atorementioned couplings 1n the
tail-safe actuating system 500 are similar to the ones shown
in FIG. 1 and, thus, are not shown in FIG. 5(a) for the sake
of simplicity.

FI1G. 5(b) illustrates the fail-safe actuating system 500 of
FIG. 5(a) at a locked state of actuator housing 506 after
operating the actuator 502 in the first operating mode, and
FIG. 5(c) illustrates the fail-safe actuating system 500 of
FIG. 5(a) at a tully open state of the controlled device 504
alfter operating the actuator 502 1n the second operating
mode.

10

15

20

25

30

35

40

45

50

55

60

65

16

It may be noted that the dampers 564 are movable by 90°
between the fully closed position and the fully open position.
From the fully closed position, as shown 1 FIG. 5(a), the
output element 508, the sector gear 562, the main damper
shaft 566 and the dampers 564 are not further movable 1n the
direction of arrow 546-1. From the fully open position, as
shown 1n FIG. 5(c), the output element 508, the sector gear
562, the main damper shait 566 and the dampers 564 are not
further movable 1n the direction of arrow 544-1.

Further, the fail-safe actuating system 500 includes an
engaging unit (not shown in FIG. 5(a)) that 1s configured to
engage the actuator housing 506 with the output element
508, such that the output element 508 moves together with
the actuator housing 506 during the fail-safe operation. The
construct and the functioning of the engaging unit in the
fail-safe actuating system 500 are similar that of the engag-
ing unit 230 as shown and described with reference to FIGS.
4(a) and 4(b).

The description below describes the operation of the
fail-sate actuating system 300 and the components of the
tail-safe actuating system 500 for biasing the spring 520 and
for operating the controlled device 504. With reference to
FIG. 5(a), the controller 522 first operates the actuator 502
in the first operating mode, in which the output element 508
1s stationary and the actuator housing 506 1s moved with
respect to the output element 508 to bias the spring 520. For
this, the controller 522 provides current in a first direction,
from the power supply to the actuator 502, such that the
output element 508 and the sector gear 562 are moved 1n the
direction of arrow 546-1. Since the dampers 564 are blocked
to further move 1n the direction of arrow 546-1 from the
tully closed position, the main dampers shaft 566, the output
clement 508 and the sector gear 562 are not moved in the
direction of arrow 3546-1. In return, the pinion gear 560
rotates and moves 1n the direction of arrow 546-2, over the
meshed sector gear 562. This movement of the pinion gear
560 moves the actuator housing 506 1n the direction of arrow
546-2. This movement of the actuator housing 506 1n the
direction of arrow 3546-2 biases the spring 520.

After the pinion gear 560 and the actuator housing 506 are
moved 1n the direction of arrow 546-2 by 90°, the actuator
housing 506 1s locked by the locking device 526 for holding
the spring 520 1n the biased state. In an implementation, the
actuator housing 506 1s provided with a slot (not shown) 1n
which the plunger 536 fits to lock the actuator housing 506.
It may be understood that, as the power supply 1s 1n the
active state, the locking device 526 1s 1n the ON-state and,
due to the electromagnetic interaction between the solenoid
534 and the plunger 336, as described earlier, the plunger
536 1s pushed out of the locking device 526 to {it 1n the slot
of the actuator housing 506 and the plunger spring 538 is
compressed. The locked state of the actuator housing 506 1s
shown 1 FIG. 5(b).

Further, at the locked state, the actuator housing 506
mechanically, electrically, magnetically, optically or induc-
tively couples with the limit switch 528. Upon this coupling
of the actuator housing 506 with the limit switch 528, the
limit switch 528 indicates the controller 522 for the switch-
ing of the operation mode of the actuator 502.

After biasing the spring 520 and locking the actuator
housing 506 for holding the spring 520 1n the biased state,
the controller 522 operates the actuator 502 in the second
operating mode, 1n which the actuator housing 306 is locked
and, hence, 1s stationary, and the output element 508 1is
moved for moving and positioning the dampers 564. For
opening the dampers 564 from the fully closed position, the
controller 522 may first provide current 1n a second direction
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(opposite to the first direction), from the power supply to the
actuator 502, such that the output element 508 and the sector
gear 562 are moved in the direction of arrow 544-1 (see FIG.
5(c)). This movement of the output element 508 and the
sector gear 562 cause the main damper shaft 566 to move 1n
the direction of arrow 544-1. This movement of the main
damper shait 566 opens the dampers 564, as shown in FIG.
5(c). After the dampers 564 are open, the controller 522 may
provide current 1n the first direction to move the output
clement 508 and the main damper shaft 366 1n the direction
of arrow 346-1 to close the dampers 564. In this way, the
opening and closing of the dampers 564 can be regulated 1n
a range 0° to 90° as per the requirement.

The description below describes the fail-sate operation of
the fail-safe actuating system 500 for moving the dampers
564 to a fail-safe position 1n case of a power failure or an
emergency. With reference to FIGS. 5(a), 5(b) and 5(c¢), the
tail-safe position of the dampers 564 is the fully closed
position. For the description of the fail-safe operation with
reference to FIG. 5(c), let us assume the dampers 564 are in
the fully open position, and are to be moved to the fully
closed position (fail-safe position).

As the power supply 1s cut-ofl due to a power failure or
any emergency, the power to the actuator 502 1s stopped and
the locking device 526 1s set in the OFF-state. In the
OFF-state, the locking device 526 unlocks the actuator
housing 506 from the locked state. The unlocking of the
actuator housing 506 allows the spring 520 to unbias or
release. The unbiasing or releasing of the spring 520 forces
the actuator housing 506 to move back in the direction of
arrow 568 (see FIG. 5(¢)). This movement of the actuator
housing 506 allows the engaging unit (not shown) in the
tail-safe actuating system 500 to engage the actuator hous-
ing 506 with the output element 508 such that the output
clement 508 1s also moved 1n the direction of arrow 346-1.
This movement of the output element 508 causes the main
damper shaft 566 and hence the dampers 564 to move to the
tully closed position (fail-safe position).

Further, during the fail-safe operation, 1n the actuator 502,
the housing and the stator of the motor (prime mover),
coupled to the actuator housing 506, move together with the
actuator housing 506. In an implementation, where the
actuator 502, particularly the motor (prime mover), has a
detent torque, the rotor of the motor does not rotate with
respect to the stator 1n the absence of power. This causes the
output of the motor, and hence the output element 508, to
move back together with the actuator housing 506 1n the
direction of arrow 546-1. This movement of the output
clement 508 causes the main damper shait 566 and the
dampers 364 to move to the fully closed position (fail-safe
position).

Further, in an implementation, the gear train 518 may be
a non-reversible type gear train which may include a worm-
screw arrangement, a nut-screw arrangement, or any other
type of conventional non-reversible arrangement. As
described earlier, this type of gear train 5318 may force the
output element 508 to move together with the actuator
housing 506 during fail-safe operation, for moving the
dampers 564 to the fail-safe position.

FIG. 6(a) illustrates a fail-safe actuating system 600,
according to another embodiment of the present subject
matter. The fail-safe actuating system 600 1s configured to
actuate a valve-type controlled device 604, as shown. FIG.
6(a) shows the fail-safe actuating system 600 in an initial
position, in which the controlled device 604 1s 1n fully closed
position and the biasing element 620 i1s 1n substantially
unbiased state. The fail-safe actuating system 600 includes
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an actuator 602 with an actuator housing 606 and an output
clement 608. The output element 608, as shown, 1s a shaft
which 1s axially movable along the axis 642. For the purpose
ol description hereinafter, the output element 608 may be
referred to as a shait 608.

In an implementation, the actuator 602 1s an electrical
actuator having a motor as a prime mover (not shown). The
motor has a rotor and a stator, where the rotor 1s fixedly
coupled to the output of the motor and the stator 1s fixedly
coupled to the housing of the motor. The housing of the
motor 1s fixedly coupled to the actuator housing 606. The
output of the motor 1s coupled to a gear 670 that rotates
about the axis 642 as the actuator 602, particularly the
motor, 1s operated. As shown i FIG. 6(a), the gear 670 1s
inside the actuator housing 606 and coupled to the actuator
housing 606, such that the gear 670 and the actuator housing
606 arc axially movable together. The gear 670, at the centre,
has a hole, along the axis 642, with internal threads (not
shown). The shaft 608 has external thread 672 thereon,
matching with internal threads of the gear 670. The gear 670
and the shait 608 are coupled to each other through their
respective threads, 1.e., the iternal threads and the external
threads 672, such that the rotation of gear 670 about the axis
642 causes the shatt 608 to move axially along the axis 642.
An arrangement (not shown i FIG. 6(a)) 1s provided to
prevent rotation motion of the shaft 608 about the axis 642.
In an implementation, the external threads 672 on the shaft
608 arec provided 1n a predefined region of the shait, which
1s movable 1nside the gear 670. Further, 1n an implementa-
tion, the output of the motor may be coupled to the gear 670
through a gear train (not shown) that functions as a speed
reducing unit to reduce the speed and increase the torque at
the gear 670, and particularly at the shaft 608.

Further, the valve-type controlled device 604 may be
directly coupled to the shaft 608, such that the controlled
device 604 moves 1n conjunction with the shaft 608. The
axial movement of the shaft 608 causes the controlled device
604 to move 1n the axial direction along the axis 642. The
controlled device 604 i1s lifted from a valve seat 674 for
opening the controlled device 604. From the fully closed
position, as shown 1n FIG. 6(a), the controlled device 604 1s
not further movable 1n the direction of arrow 646.

The biasing element 620 in the fail-safe actuating system
600 may be a compression spring. For the purposes of
description heremnafter, the biasing element 620 may be
referred to as a spring 620. The spring 620, at one end, 1s
coupled to the actuator housing 606 and, at the other end, 1s
coupled to a rigid support 632.

The fail-safe actuating system 600 also includes a con-
troller (not shown 1n FIG. 6(a)), through which the actuator
602 1s coupled to a power supply (not shown in FIG. 6(a)).
As mentioned earlier, the controller 1s configured to operate
the actuator 602 1n a first operating mode, in which the shaft
608 1s stationary and the actuator housing 606 1s moved with
respect to the shaft 608 for biasing the spring 620; and 1n the
second operating mode, 1n which the actuator housing 606
1s stationary and the shatt 608 1s moved for operating and
positioning the controlled device 604.

The fail-safe actuating system 600 also includes a locking
device 626 and a limit switch 628. The locking device 626
and the limit switch 628, in FI1G. 6(a), are similar to the ones
shown 1 FIG. 2. The locking device 626 i1s an electromag-
netic locking device having a solenoid 634 and a plunger
636 with a plunger spring 638. The locking device 626 1s
coupled to the power supply, may be through the controller,
for setting the locking device 626 in the ON-state or the
OFF-state, as mentioned earlier. Further, the limit switch
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628 1s coupled to the controller to indicate the controller for
switching the mode of operation of the actuator 602, as
mentioned earlier. The aforementioned couplings in the
tail-safe actuating system 600 are similar to the ones shown
in FIG. 1 and, thus, are not shown in FIG. 6(a) for the sake
of simplicity.

Further, an extension element 632, such an arm or a plate,
1s coupled to the actuator housing 606, such that the exten-
s1on element 6352 1s moved 1n conjunction with the actuator

housing 606. The extension element 6352 1s provided with a
slot 634, such that, in the ON-state of the locking device 626,

the plunger 636 gets fit 1n the slot 654 to lock the actuator

housing 606.
Further, the fail-safe actuating system 600 includes an

engaging unit 630 that 1s configured to engage the actuator
housing 606 with the shaft 608, such that the shait 608
moves together with the actuator housing 606 during the

tail-safe operation. In an implementation, the engaging unit
630 may be a block, as shown 1n FIG. 6(a), fixedly coupled

to the actuator housing 606.

FI1G. 6(b) illustrates the fail-safe actuating system 600 of
FIG. 6(a) at a locked state of actuator housing 606 after
operating the actuator 602 in the first operating mode, and
FIG. 6(c) illustrates the fail-safe actuating system 600 of
FIG. 6(a) at a fully open state of the controlled device 604
alter operating the actuator 602 in the second operating
mode.

The description below describes the operation of the
fail-safe actuating system 600 and the components of the
tail-safe actuating system 600 for biasing the spring 620 and
for operating the controlled device 604. With reference to
FIG. 6(a), the controller first operates the actuator 602 1n the
first operating mode, 1n which the shaft 608 1s stationary and
the actuator housing 606 1s moved with respect to the shait
608 to bias the spring 620. For this, the controller provides
current 1n a first direction, from the power supply to the
actuator 602, such that the gear 670 1s rotated to move the
shaft 608 in the direction of arrow 646. Since the controlled
device 604 1s blocked by the valve seat 674 to turther move
in the direction of arrow 646 from the fully closed position,
the shatt 608 1s not moved. In return, the gear 670 moves
over the threads 672 on the shaft 608 and in the direction of
644. This movement of the gear 670 moves the actuator
housing 606 1n the direction of arrow 644. This movement
of the actuator housing 606 in the direction of arrow 644
biases the spring 620.

With the movement of the actuator housing 606, the
extension element 652 also moves 1n the direction of arrow
644. At a position of the extension element 652, as shown 1n
FIG. 6(b), the plunger 636 of the locking device 626 fits 1n
the slot 654 to lock the actuator housing 606 for holding the
spring 620 1n the biased state. It may be understood that, as
the power supply 1s 1n the active state, the locking device
626 1s in the ON-state and, due to the electromagnetic
interaction between the solenoid 634 and the plunger 636, as
described earlier, the plunger 636 1s pushed out of the
locking device 626 to fit in the slot 654 of the extension
clement 652 and the plunger spring 638 1s compressed. The
locked state of the actuator housing 606 i1s shown in FIG.
6(D).

Further, at the locked state, the extension element 652
mechanically, electrically, magnetically, optically or induc-
tively couples with the limit switch 628. Upon this coupling,
of the extension element 652 with the limit switch 628, the
limit switch 628 indicates the controller for the switching of
the operation mode of the actuator 602.
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After biasing the spring 620 and locking the actuator
housing 606 for holding the spring 620 in the biased state,
the controller operates the actuator 602 1n the second oper-
ating mode, 1n which the actuator housing 606 1s locked and,
hence, 1s stationary, and the shaft 608 1s moved for moving
and positioning the controlled device 604. For opening the
controlled device 604 from the fully closed position, the
controller may first provide current 1mn a second direction
(opposite to the first direction), from the power supply to the
actuator 602, such that the gear 670 1s rotated to move the
shaft 608 1n the direction of arrow 644. This movement of
the shaft 608 causes the controlled device 604 to lift open
from the valve seat 674. After opening the controlled device
604, the controller may provide current 1n the first direction
to rotate the gear 670 such that the shaft 608 moves in the
direction of arrow 646 to close the controlled device 604. In
this way, the opening and closing of the controlled device
604 can be regulated as per the requirement.

The description below describes the fail-safe operation of
the fail-safe actuating system 600 for moving the controlled
device 604 to a fail-safe position in case of a power failure
or an emergency. With reference to FIGS. 6(a), 6(b) and
6(c), the fail-safe position of the controlled device 604 1s the
tully closed position. For the description of the fail-safe
operation with reference to FIG. 6(c), let us assume the
controlled device 604 1s 1n the fully open position, and 1s to
be moved to the fully closed position (fail-safe position).

As the power supply 1s cut-oil due to a power failure or
any emergency, the power to the actuator 602 1s stopped and
the locking device 626 i1s set in the OFF-state. In the
OFF-state, the locking device 626 unlocks the extension
clement 652 and the actuator housing 606 from the locked
state. The unlocking of the actuator housing 606 allows the
spring 620 to unbias or release. The unbiasing or releasing
of the spring 620 forces the actuator housing 606 to move
back in the direction of arrow 646 (see FIG. 6(c)). This
movement of the actuator housing 606 allows the engaging
unit 630 to engage the actuator housing 606 with the shaft
608 such that the shait 608 1s also moved 1n the direction of
arrow 646. This movement of the shaft 608 in the direction
of arrow 646 moves the controlled device 604 to the fully
closed position (fail-safe position).

Further, during the fail-safe operation, 1n the actuator 602,
the housing and the stator of the motor (prime mover),
coupled to the actuator housing 606, move together with the
actuator housing 606. In an implementation, where the
actuator 602, particularly the motor (prime mover), has a
detent torque, the rotor of the motor does not rotate with
respect to the stator 1n the absence of power. This causes the
output of the motor, the gear 670, and hence the output
clement 608, to move back together with the actuator
housing 606 1n the direction of arrow 646. This movement
of the output element 608 causes the controlled device 604
to move to the fully closed position (fail-safe position).

Further, in an implementation where the actuator 602 has
a gear train (not shown) as a speed reducing unit, the gear
train may be a non-reversible type gear train which may
include a worm-screw arrangement, a nut-screw arrange-
ment, or any other type of conventional non-reversible
arrangement. As described earlier, this type of gear train may
force the gear 670, and hence the output element 608, to
move together with the actuator housing 606 during fail-safe
operation, for moving the controlled device 604 to the
tail-sate position.

FIG. 7 illustrates a fail-safe actuating system 700, accord-
ing to another embodiment of the present subject matter. The
fail-sate actuating system 700 1s configured to actuate a
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controlled device 704 (damper-type), as shown. FIG. 7
shows the fail-safe actuating system 700 1n an intermediate
position, in which the controlled device 704 1s in partially
open position and the biasing element 720 1s 1n substantially
biased state. The fail-safe actuating system 700 includes an
actuator 702 with an actuator housing 706 and an output
clement 708. The output element 708 1s a rack, as shown.
For the purpose of description hereinafter, the output ele-
ment 708 may be referred to as a rack 708.

In an implementation, the actuator 702 1s an electrical
actuator having a motor as the prime mover (not shown).
The motor has a rotor and a stator, where the rotor 1s fixedly
coupled to the output of the motor and the stator 1s fixedly
coupled to the housing of the motor. The housing of the
motor 1s fixedly coupled to the actuator housing 706. The
output of the motor 1s coupled to a gear train 718 having a
plurality of gears as shown, which functions as a speed
reducing umt. The output of the gear train 718 1s coupled to
the rack 708 through a pinion gear 770. The rack 708 1s
toothed and 1s meshed with the pinion gear 770, such that the
rotation of the pinion gear 770 causes the rack 708 to move
axially.

The controlled device 704 includes more than one damper
764 that are rotated through a main damper shait 766. The
rack 708 1s coupled to the main damper shait 766 of the
controlled device 704 through a coupler unit, such that the
main damper shaft 766 and the dampers 764 of the con-
trolled device 704 move 1n conjunction with the rack 708. As
shown, the coupler unit includes a sector gear 774 and a
clamp 776. The rack 708 1s meshed with the sector gear 774,
the sector gear 774 1s fixedly coupled to the clamp 776, and
the clamp 776 clamps the main damper shaft 766, as shown
in FIG. 7. In an implementation, the sector gear 774 1s a 90°
sector gear.

The biasing element 720 in the fail-safe actuating system
700 may be a compression spring. For the purposes of
description heremaiter, the biasing element 720 may be
referred to as a spring 720. The spring 720, at one end, 1s
coupled to the actuator housing 706 and, at the other end, 1s
coupled to a ngid support 732.

The fail-safe actuating system 700 also includes a con-
troller (not shown in FI1G. 7), through which the actuator 702
1s coupled to a power supply (not shown m FIG. 7). As
mentioned earlier, the controller 1s configured to operate the
actuator 702 1n a first operating mode, in which the rack 708
1s stationary and the actuator housing 706 1s moved with
respect to the rack 708 for biasing the spring 720; and 1n the
second operating mode, 1n which the actuator housing 706
1s stationary and the rack 708 1s moved for operating the
controlled device 720 for positioning the dampers 764.

The fail-safe actuating system 700 also includes a locking,
device 726 and a limit switch 728. The locking device 726
and the limit switch 728, in FIG. 7, are similar to the ones
shown 1 FIG. 2. The locking device 726 1s an electromag-
netic locking device having a solenoid 734 and a plunger
736 with a plunger spring 738. The locking device 726 1s
coupled to the power supply, may be through the controller,
for setting the locking device 726 in the ON-state or the
OFF-state, as mentioned earlier. Further, the limit switch
728 1s coupled to the controller to indicate the controller for
switching the mode of operation of the actuator 702, as
mentioned earlier. The aforementioned couplings in the
tail-safe actuating system 700 are similar to the ones shown
in FIG. 1 and, thus, are not shown 1n FIG. 7 for the sake of
simplicity.

Further, an extension element 752, such as an arm or a
plate, 1s coupled to the actuator housing 706, such that the
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extension element 752 1s moved in conjunction with the
actuator housing 706. The extension element 752 1s provided
with a slot 754, such that, in the ON-state of the locking
device 726, the plunger 736 gets fit 1n the slot 754 to lock
the actuator housing 706.

Further, the fail-safe actuating system 700 includes an
engaging unit 730 that 1s configured to engage the actuator
housing 706 with the rack 708, such that the rack 708 moves
together with the actuator housing 706 during the fail-safe
operation. In an implementation, the engaging unit 730 may
be a block, as shown 1 FIG. 7, fixedly coupled to the
actuator housing 706.

It may be noted that the dampers 764 are movable by 90°
between the fully closed position and the fully open position.
From the fully closed position, the sector gear 774, the main
damper shait 766 and the dampers 764 are not further
movable 1n the direction of arrow 746-2. From the fully open
position, the sector gear 774, the main damper shait 766 and
the dampers 764 are not further movable 1n the direction of
arrow 744-2.

The description below describes the operation of the
fail-sate actuating system 700 and the components of the
tail-safe actuating system 700 for biasing the spring 720 and
for operating the controlled device 704. With reference to
FIG. 7, the controller first operates the actuator 702 in the
first operating mode, 1n which the rack 708 1s stationary and
the actuator housing 706 1s moved with respect to the rack
708 to bias the spring 720. For this, the controller provides
current 1n a first direction, from the power supply to the
actuator 702, such that the pinion gear 770 1s rotated 1n the
direction of arrow 746-1. This forces the rack 708 to move
in the direction of arrow 780, which further forces the sector
gear 774 and the main damper shaft 766 to move in the
direction of arrow 746-2. Since the dampers 764 are blocked
to move in the direction of arrow 746-2 from the fully closed
position, the main damper shait 766 and the sector gear 774
are not moved 1n the direction of arrow 746-2. As a result,
the rack 708 1s also not moved 1n the direction of arrow 780.
In return, the rotating pinion gear 770 moves 1n the direction
of arrow 778, over the rack 708. This movement of the
pinion gear 770 moves the actuator housing 706 in the
direction of arrow 778. This movement of the actuator
housing 706 1n the direction of arrow 778 biases the spring
720.

With the movement of the actuator housing 706, the
extension element 752 also moves 1n the direction of arrow
778. At a position of the extension element 752, as shown 1n
FIG. 7, the plunger 736 of the locking device 726 fits in the
slot 754 to lock the actuator housing 706 for holding the
spring 720 1n the biased state. It may be understood that, as
the power supply 1s 1n the active state, the locking device
726 1s in the ON-state and, due to the electromagnetic
interaction between the solenoid 734 and the plunger 736, as
described earlier, the plunger 736 1s pushed out of the
locking device 726 to fit in the slot 754 of the extension
clement 752 and the plunger spring 738 1s compressed. The
locked, state of the actuator housing 706 1s shown 1n FIG. 7.

Further, at the locked state, the extension element 752
mechanically, electrically, magnetically, optically or induc-
tively couples with the limit switch 728. Upon this coupling
of the extension element 752 with the limit switch 728, the
limit switch 728 indicates the controller for the switching of
the operation mode of the actuator 702.

After biasing the spring 720 and locking the actuator
housing 706 for holding the spring 720 1n the biased state,
the controller operates the actuator 702 1n the second oper-
ating mode, 1n which the actuator housing 706 1s locked and,
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hence, 1s stationary, and the rack 708 1s moved for moving
and positioning the dampers 764. For opening the dampers
764 from the fully closed position, the controller may {first
provide current 1n a second direction (opposite to the first
direction), from the power supply to the actuator 702, such
that the pinion gear 770 1s rotated in the direction of arrow
744-1. This movement of the pinion gear 770 causes the rack
708 to move 1 the direction of arrow 778. This movement
of the rack 708 further causes the sector gear 774 and the
main damper shait 766 to move in the direction of arrow
744-2, which opens the dampers 764, as shown in FIG. 7.
After the dampers 764 are open, the controller may provide
current in the first direction to move the pinion gear 770 1n
the direction of arrow 746-1, and hence move the rack 708,
the sector gear 774 and the main damper shaft 766 to close
the dampers 764. In this way, the opening and closing of the
dampers 764 of the controlled device 704 can be regulated
in a range 0° to 90° as per the requirement.

The description below describes the fail-safe operation of
the fail-safe actuating system 700 for moving the dampers
764 to a fail-safe position 1n case of a power failure or an
emergency. With reference to FIG. 7, the fail-safe position of
the dampers 764 1s the fully closed position. For the descrip-
tion of the fail-safe operation with reference to FIG. 7, let us
assume the dampers 764 are 1n the fully open position, and
are to be moved to the fully closed position (fail-safe
position).

As the power supply 1s cut-off due to a power failure or
any emergency, the power to the actuator 702 1s stopped and
the locking device 726 1s set in the OFF-state. In the
OFF-state, the locking device 726 unlocks the extension
clement 752 and the actuator housing 706 from the locked
state. The unlocking of the actuator housing 706 allows the
spring 720 to unbias or release. The unbiasing or releasing
of the spring 720 forces the actuator housing 706 to move
back in the direction of arrow 780. This movement of the
actuator housing 706 allows the engaging unit 730 to engage
the actuator housing 706 with the rack 708 such that the rack
708 1s also moved in the direction of arrow 780. This
movement of the rack 708 causes the sector gear 774 and the
main damper shaft 766 to move i the direction of arrow
746-2, which moves the dampers 764 to the fully closed
position (fail-safe position).

Further, during the fail-safe operation, in the actuator 702,
the housing and the stator of the motor (prime mover),
coupled to the actuator housing 706, move together with the
actuator housing 706. In an implementation, where the
actuator 702, particularly the motor (prime mover), has a
detent torque, the rotor of the motor does not rotate with
respect to the stator 1n the absence of power. This causes the
output of the motor, and hence the pinion gear 770 to move
back together with the actuator housing 706 in the direction
of arrow 780. This movement of the pimion gear 770 causes
the rack 708 to move 1n the direction of arrow 780, which
causes the sector gear 774 and the main damper shait 766 to
move 1n the direction of arrow 746-2. As results, the
dampers 764 are moved to the fully closed position (fail-safe
position).

Further, in an implementation, the gear train 718 may be
a non-reversible type gear train which may include a worm-
screw, arrangement, a nut-screw arrangement, or any other
type of conventional non-reversible arrangement. As
described earlier, this type of gear train 718 may force the
pinion gear 770 to move together with the actuator housing,
706 1n the direction of arrow 780 during fail-safe operation.
This movement of the pinion gear 770 causes the rack 708
to move 1n the direction of arrow 780, which causes the
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sector gear 774 and the main damper shait 766 to move 1n
the direction of arrow 746-2. As results, the dampers 764 are
moved to the fully closed position (fail-safe position).

FIG. 8 illustrates a braking unit 831 of the fail-safe
actuating system, according to an embodiment of the present
subject matter. The braking unit 831 1s an example of the
braking unit 131 coupled to the actuator housing 106 1n the
fail-sate actuating system 100. Although not shown 1n FIGS.
2.5, 6 and 7, the fail-safe actuating systems 200, 500, 600,
700 may include the braking unit 831 for controlling the
speed of movement of the actuator housing 206, 506, 606,
706 and the output element 208, 508, 608, 708, and hence
the speed of movement of the controlled device 204, 504,
604, 704, during the fail-sate operation.

In an implementation, as shown in FIG. 8, the braking unit
831 includes a cylinder 880 with one end open and the other
end closed. A piston 882 with a connecting rod 884 is
inserted 1n the cylinder 882 from the open end. The piston
882 1s movable and 1s substantially air-tight in the cylinder
882. The cylinder 880 has a hole or orifice 886 at the closed
end of the cylinder 880, as shown 1n FIG. 8. The orifice 886
1s substantially small that allows air to pass to and from a
chamber 888 formed by the piston 882 1n the cylinder 880.

In an implementation, one end of the connecting rod 884
1s coupled to the actuator housing of the actuator, such that,
when the actuator housing moves in the first predefined
direction to bias the biasing element the piston 882 1s pulled
out from the cylinder 880, and when the actuator housing 1s
moved by the biasing element during the fail-safe operation
the piston 882 1s pushed inside the cylinder 880. In an
implementation, the braking unmit 831 1s configured such that,
at the end of the fail-sate operation, the piston 882 1s fully
inside the cylinder 880 and substantially touching the base
890 of the cylinder 880. During the operation of the actuator
in the first operating mode, as the actuator housing 1s moved
to bias the biasing element, the piston 882 1s moved out from
the cylinder 880. As the movement of the actuator housing
1s relatively slow, air 1s able to pass through the orifice 886
into the chamber 888. During the operation of the actuator
in the second operating mode, the piston 882 1s not moved.
During the fail-sate operation, the biasing clement 1is
released and the actuator housing 1s moved back. With this,
the piston 882 1s pushed inside the cylinder 880. At the start
of the fail-safe operation, the speed of movement of the
actuator housing, and hence the piston 882, i1s relatively
high, and the amount of air displaced 1n the cylinder 880 by
the piston 882 1s more than the amount of air that 1s able to
escape Irom the cylinder 880 through the orifice 886. Thus,
as the piston 882 1s pushed inside the cylinder 880, the air
pressure 1n the chamber 888 increases, which offers resis-
tance to the further movement of the piston 882 in the
cylinder 880. Due to this resistance oflered by the air
pressure, the speed of movement of the piston 882, and
hence the actuator housing, 1s slowed. With this, the speed
of movement of engaging unit, output element, coupler unit,
and the controlled device, 1s decreased. At the end of the
fail-safe operation, all the air passes out from the chamber
888 and the piston 882 i1s held stationary, which allows the
biasing element to hold the actuator housing at the first
predefined position and the controlled device to the fail-safe
position.

In another implementation, one end of the connecting rod
884 may be coupled to the actuator housing of the actuator,
such that when the actuator housing moves in the first
predefined direction to bias the biasing element the piston
882 15 pushed inside the cylinder 880, and when the actuator
housing 1s moved by the biasing element during the fail-safe




US 10,401,051 B2

25

operation the piston 882 1s pulled out from the cylinder 880.
During the operation of the actuator in the first operating
mode, as the actuator housing 1s moved to bias the biasing
clement, the piston 882 1s pushed 1nside the cylinder 880. As
the movement of the actuator housing 1s relatively slow, air
1s able to escape from the chamber 888 through the orifice
886. In an implementation, the braking unit 831 1s config-
ured such that, at the end of the operation of the actuator in
the first operating mode, the piston 882 1s fully mside the
cylinder 880 and substantially touching the base 890 of the
cylinder 880. During the operation of the actuator in the
second operating mode, the piston 882 1s not moved. During
the fail-safe operation, the biasing element 1s released and
the actuator housing 1s moved back. With this, the piston 882
1s pulled out from the cylinder 880. At the start of the
tail-safe operation, the speed of movement of the actuator
housing, and hence the piston 882, 1s relatively high, and the
rate at which the air 1s able to enter in the cylinder 880
through the orifice 886 1s slow. Thus, as the piston 882 1s
pulled out from the cylinder 880, a vacuum gets created in
the chamber 888, which offers resistance to the further
movement of the piston 882 out from the cylinder 880. Due
to this resistance oflered by the vacuum in the chamber 888,
the speed of movement of the piston 882, and hence the
actuator housing, 1s slowed. With this, the speed of move-
ment of engaging unit, output element, coupler unit, and the
controlled device, 1s decreased. At the end of the fail-safe
operation, the chamber 888 1s fully filled with the air and the
piston 882 1s held stationary, which allows the biasing
clement to hold the actuator housing at the first predefined
position and the controlled device to the fail-safe position.

The braking unit 831 described above has a substantially
simple arrangement and 1s less costly 1n comparison to the
braking assemblies used 1n conventional fail-safe actuating
system. The braking unit 831 may be coupled to the actuator
housing 1n any one of the configurations described above.
Further, the braking unit 831 actively operates only durmg
the fail-sate operation, oflers substantially negligible resis-
tance during the movement of the actuator housing to bias
the biasing element and offers no resistance during the
movement of the output element for positioning the con-
trolled device. This facilitates 1n reducing the power con-
sumption and wear and tear 1n the fail-safe actuating system,
which makes the fail-safe actuating system of the present
subject matter substantially more eflicient than the conven-
tional fail-safe actuating systems. Further, the braking unit
831 is an air-based braking unit which may work substan-
tially efh

iciently 1n an emergency like fire.

Although embodiments for the fail-safe actuating systems
have been described 1n language specific to structural fea-
tures, 1t 1s to be understood that the invention i1s not
necessarlly limited to the specific features, described.
Rather, the specific features are disclosed and explained 1n
the context of a few embodiments for the fail-safe actuating,
systems.

Other advantages of the fail-safe actuating systems of the
present subject matter will become better understood from
the description and claims of an exemplary embodiment of
the actuators. The fail-safe actuating system of the present
subject matter 1s not restricted to the embodiments that are
mentioned above in the description.

Although the subject matter has been described with
reference to specific embodiments, this description 1s not
meant to be construed 1 a limiting sense. Various modifi-
cations of the disclosed embodiments, as well as alternate
embodiments of the subject matter, will become apparent to
persons skilled in the art upon reference to the description of
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the subject matter. It 1s therefore contemplated that such
modifications can be made without departing from the spirit
or scope of the present subject matter as defined.
I claim:
1. A fail-safe actuating system comprising:
an actuator with an actuator housing and an output
clement, wherein the output element is couplable to a
controlled device to move the controlled device 1n
conjunction with the output element;
a biasing element coupled to the actuator housing,
wherein the biasing element 1s biased by a movement
of the actuator housing 1n a first predefined direction;
a locking device to lock the actuator housing for holding
the biasing element in a biased state; and
a controller configured to:
operate the actuator 1n a first operating mode, wherein
in the first operating mode, the output element 1s
stationary and the actuator housing moves with
respect to the output element and in the first pre-
defined direction for biasing the biasing element; and

operate the actuator 1n a second operating mode,
wherein 1n the second operating mode, the actuator
housing is stationary and the output element moves
with respect to the actuator housing for moving the
controlled device.

2. The fail-safe actuating system as claimed in claim 1,
wherein 1n the first operating mode, the actuator housing
moves till the actuator housing 1s locked by the locking
device.

3. The fail-safe actuating system as claimed 1n claim 1,
wherein the actuator 1s coupled to a power supply through
the controller, wherein 1n the first operating mode, the
controller provides current 1n a first direction from the power
supply to the actuator to move the actuator housing with
respect to the output element and in the first predefined
direction from a first predefined position to a second pre-
defined position.

4. The fail-safe actuating system as claimed 1n claim 3,
wherein in the second operating mode, the controller pro-
vides current 1n one of a second direction and the first
direction from the power supply to the actuator to move the
output element with respect to the actuator housing for
moving the controlled device.

5. The fail-safe actuating system as claimed in claim 3
further comprising a limit switch coupled to the controller,
wherein at the second predefined position of the actuator
housing, the limit switch indicates to the controller for
switching operation of the actuator from the first operating
mode to the second operating mode.

6. The fail-safe actuating system as claimed in claim 3,
wherein the actuator housing, at the second predefined
position, couples with the limit switch.

7. The fail-safe actuating system as claimed 1n claim 3,
wherein the locking device 1s in an ON-state 1n an active
state of the power supply, and wherein, 1n the ON-state, the
locking device locks the actuator housing at the second
predefined position.

8. The fail-safe actuating system as claimed in claim 7,
wherein the locking device 1s coupled to the power supply.

9. The fail-safe actuating system as claimed 1n claim 7,
wherein the locking device 1s coupled to the power supply
through the controller, wherein the controller sets the lock-
ing device in the ON-state 1n the active state of the power
supply, and wherein the controller sets the locking device 1n
the OFF-state 1n the cut-ofl state of the power supply.

10. The fail-safe actuating system as claimed 1n claim 3,
wherein the locking device 1s in an OFF-state in a cut-ofl
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state of the power supply, and wherein, 1n the OFF-state, the
locking device unlocks the actuator housing from the second
predefined state.
11. The fail-safe actuating system as claimed in claim 10,
wherein, 1n the cut-ofl state of the power supply,
the biasing element 1s released to move the actuator
housing 1n a direction opposite to the first predefined

direction; and

the output element moves together with the actuator
housing for moving the controlled device to a pre-
defined fail-safe position.

12. The fail-safe actuating system as claimed 1n claim 11
turther comprising an engaging unit, wherein in the cut-oif
state of the power supply, the engaging unit engages the
actuator housing with the output element for moving the
output element together with the actuator housing.

13. The fail-safe actuating system as claimed 1n claim 11,
wherein the actuator includes a prime mover having a
housing coupled to the actuator housing and having an
output coupled to the output element, wherein the prime
mover has a detent torque 1n the cut-off state of the power
supply and wherein, 1n the cut-ofl state of the power supply,
the output element moves together with the actuator housing,
due to the detent torque of the prime mover.

14. The fail-safe actuating system as claimed 1n claim 11,
wherein the actuator includes a prime mover having a
housing coupled to the actuator housing and having an
output coupled to the output element through a non-revers-
ible speed reducing unit, and wherein, 1n the cut-off state of
the power supply, the output element moves together with
the actuator housing due to the non-reversible speed reduc-
ing unit.

15. The fail-safe actuating system as claimed 1n claim 11,
wherein the output element of the actuator 1s coupled to the
controlled device through a coupler unit, wherein, in the
cut-oil state of the power supply, the coupler umit moves
together with the output element for moving the controlled
device to the predefined fail-sate position.

16. The fail-sate actuating system as claimed 1n claim 10
turther comprising a braking unit coupled to the actuator
housing, wherein the braking unit controls speed of move-
ment of the actuator housing in the cut-ofl state of the power

supply.
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17. The fail-safe actuating system as claimed 1n claim 16,
wherein the braking unit comprises:
a cylinder with an open end and a closed end, wherein the
cylinder has an orifice 1n the closed end for allowing air
to pass to and from the cylinder; and
a piston with a connecting rod nserted from the open end
in the cylinder, wherein the connecting rod 1s coupled
to the actuator housing.
18. The fail-safe actuating system as claimed 1n claim 10,
wherein the locking device 1s coupled to the power supply
through the controller, wherein the controller sets the lock-
ing device in the ON-state 1n the active state of the power
supply, and wherein the controller sets the locking device 1n
the OFF-state in the cut-ofl state of the power supply.
19. The fail-sate actuating system as claimed in claim 1,
wherein the biasing element 1s one of a coil spring, a torsion
Spring, an expansion spring, a compression spring, a gas
spring and an elastic element.
20. A fail-safe actuating system comprising:
a controlled device;
an actuator housing;
an actuator enclosed by the actuator housing;
a shaft, of the actuator, coupled to the controlled device so
that when the shait moves the controlled device moves
in conjunction with the shatt;
a spring coupled to the actuator housing, wherein the
spring 1s biased by a movement of the actuator housing,
in a first predefined direction;
a locking device configured to lock the actuator housing
for holding the spring 1n a biased state; and
a controller configured to:
operate the actuator in a first operating mode, wherein
in the first operating mode, the shait 1s stationary and
the actuator housing moves with respect to the shatt
in the first predefined direction for biasing the spring,
and

operate the actuator 1n a second operating mode,
wherein 1n the second operating mode, the actuator
housing 1s stationary and the shaft moves with
respect to the actuator housing for moving the con-
trolled device.
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